Abstract
INTRODUCTION
Engineering design is the creative integration of multiple techniques such as mathematics and software usage to achieve a tangible or theoretical construct. It is a skill that all engineers must master, and one of the most difficult skills to teach. Design projects provide a structured approach to the design process, giving students a solid understanding of how to move from a concept to a working model of a system. These projects not only give students the knowledge and skills to produce design outcomes, but are also believed give students confidence in future endeavors [20] .
Engineering 1C03 Design and Graphics is a first-year engineering course at McMaster University. The course includes a lecture component on design background and theory; a tutorial focusing on hand-sketching, calculations, and design on paper; and a computer lab session where students get hands-on experience with solid modelling software (AutoDesk Inventor) and a physical modelling and system simulation application (MapleSim). Students also have access to 3D rapid-prototype printers (RepRapPro Huxley) where they can freely experiment with exporting computer models to solid plastic models they can hold. The course concludes with a design project in one of three modalities; a Simulation-Based project (SIM) using a software simulation tool, a Prototyping project (PRT) using a 3D printer, or a Simulation and Prototyping project (SAP) where they had to complete a design using both tools.
This study explores the hypothesis that engineering design projects may increase self-efficacy, which in turn can lead to increased performance in the form of better grades on project-related exam questions. Differences in design project modality may affect self-efficacy, particularly for students with varied preferences for learning. The goal of this study is to understand the way that engineering students learn and determine whether factors such as design project modality can affect selfefficacy and ultimately performance.
Background
The VARK learning styles assessment inventory, developed by Fleming [1] provides a means to identify and quantify learning preferences in students. Participants show preference for Visual learning (V) using maps, graphs, charts and symbols, Aural/Auditory learning (A) preferring lectures, discussion and radio, Read/Write learning (R) using books, the internet, and other printed material, and Kinesthetic learning (K) preferring a more practical, hands-on approach with simulation, video and demonstrations.
These preferences should not be confused with strengths, but can be used to enhance students' abilities to learn new information based on the way it is presented. The 1C03 course which was surveyed for this study has been undergoing a number of changes over the past several years, seeing the inclusion of new technologies designed to increase student interest in course material. The authors saw an excellent opportunity to study these students and the effects and benefits directly inspired by these changes.
Self-efficacy, the belief in one's own abilities to achieve a desired outcome, was chosen as another key attribute in the study based on previous work in that area. The desire was to promote positive changes in confidence and efficacy levels through interesting and modern changes to the course, and thereby increase engagement and performance.
Student reaction to 3D printers, illustrated in Figure 1 , has been exceptional and including these printers in the course has been generally regarded as a positive learning experience for the students. The surveys given were designed to quantify these experiences and provide insight into all aspects of the course and into the Engineering learning curriculum as a whole, as well as to identify whether some groups of learners gain more than others. 
Literature Review
Among the various learning style models, the authors chose the VARK developed by [1] Fleming as the most appropriate for this study. In particular, it was the distinction between kinesthetic preferences on the one hand the aural and reading preferences that best aligned with the introduction of 3-D prototyping that made the VARK an intuitively satisfying model for this study. A practical benefit for choosing the VARK included its online and no cost availability [19] .
The VARK questionnaire is among the most popular learning style inventories for quantifying learning preference, for example being used to study curriculum changes affect students with different styles of learning [2] . Another study was conducted upon students in Chemical Engineering [3] and demonstrated a higher preference for hands-on (Kinesthetic) learning amongst Engineers. Materials Science students were given the survey [4] in relation to an interactive tool introduced into the classroom, which was also preferred by K-type learners. Research has also been done linking learning style to performance. This includes a study [5] in an introductory Astronomy class which identified learning preference as a critical factor in success. Other studies have discovered relationships between learning styles and performance such as one involving game design and programming [6] which showed that visual learners (Vtype) have higher engagement. A study involving marketing students [7] showed that not only were a variety of sources required to appeal to the diverse learning preferences in the classroom, but that student performance differed with learning style.
Self-efficacy and social cognitive theory [8] made popular by Albert Bandura at Stanford University suggests positive thinking promotes positive outcomes. Studies have shown a positive correlation between selfefficacy and performance, such as a study [9] showing that health improvements correlated with self efficacy, and another study showing that individual achievement in a team environment is linked to self-efficacy [10] . In another study, previous computer experience can positively impact first-time Java programmers [11] and another survey identifying self-efficacy factors in firstyear Engineering students [12] . Another study [13] found that self-efficacy can affect emotional responses and outcome expectations. One study indicated that incoming university Engineering students with high-school Engineering experience have a higher self-efficacy [14] . Other studies show how course changes can reflect on self-efficacy scores [15] . Self-efficacy changes can be observed at all experience levels, and can be shown to accurately predict engineering experience levels [16] . Student contribution and effort, speed of task completion, and grades have been shown to be affected by selfefficacy [17] . The authors' decision to create a unique self-efficacy survey was based on these factors, and was based upon Bandura's own guide for creating unique selfefficacy scales [18] .
Problem Definition
Changes to a course are accompanied by a change in thinking. Many factors can affect student outcomes and outcome expectancies, especially when introducing new and never-before-tried methods for instruction, demonstration, and experience in and out of the classroom. Reactions from students can vary, including changes in self-efficacy and performance. Both learning preference and self-efficacy have been shown to have an effect on performance. The authors proposed to study the relationship between learning preference and selfefficacy, and to study changing self-efficacy over the course of the term. These changes will be related to performance scores obtained from the final exam with questions directly related to the material learned throughout the design project.
As learning preference varies from student to student, these changes can be categorized to see what effects have been had on students in every learning style category. Additionally, different students have been given different design projects, and more investigation is possible by observing the effects of modality and how these factors combine to affect overall performance.
Solutions Considered
This paper aims to study the differences between groups in each of four learning preference categories (Visual, Aural/Auditory, Read/Write and Kinesthetic). It also studies students grouped by design project modality Previous research by the authors used a single survey, given to students who were actively involved in the course and students who had completed the course. This effectively split the population into two groups which could be compared, but had the drawback of non-paired results. Each student surveyed was either completed the course or currently taking it, so two distinct populations emerged. The numbers in each group were different, and more importantly the students themselves were different.
It was felt that to obtain more significant results, a single population be used and tested twice with some time between them. This led to the creation of a two-survey system, where students could be surveyed at the beginning of a course and again at the end to maintain a consistency from student to student.
METHODS

Selected Methodologies
Two surveys were created and offered to all students taking Engineering 1C03 Design and Graphics, a required first-year Engineering course at McMaster University. The first survey, delivered in September 2012 consisted of 10 self-efficacy questions which asked students to rate agreement or disagreement on a Likert eleven-point scale, based on Bandura's own scales [18] . The second survey, delivered in December 2012 to the same students, included the same 10 self-efficacy questions as well as the 16-question VARK survey by Fleming [19] . The surveys were delivered online by way of the student-accessed course CMS and were each available for a period of one to two weeks.
The self-efficacy questions were created from five identified sources of self-efficacy; mastery experiences, vicarious experiences, social persuasions, physiological states and drive and motivation. The VARK survey identifies the four learning style preferences; Visual, Aural/Auditory, Read/Write and Kinesthetic.
Additional questions were added to each survey related to other studies, such as Academic Motivation. The results obtained from these additional questions are not given here, but may be a part of future work.
Expected Significance of This Work
This paper will explore the results obtained from the surveys and examine the differences between self-efficacy scores at the beginning of the term and the end of the term as well as how these differences break down in terms of learning preference and assigned project modality. Additionally, performance data in the form of grades obtained from project-related questions on the final exam will be examined and included in the results broken down by learning preference and project modality.
The results obtained will provide valuable insight for educators and course designers working with first-year engineering students who wish to evaluate the learning styles and possible changes in self-efficacy and performance in students brought about by course changes.
RESULTS
The surveys were offered in the Fall 2012 term to a class of 429 first-year Engineering students. The survey was voluntary, and as such received 97 valid respondents who completed both surveys and were eligible for inclusion in this study (22.6%). The chance to win a 3D printer was offered to all students as an incentive to participate in this study, however the McMaster Research Ethics Board did not allow the lottery to be restricted to only those students who completed the survey.
Learning Preference
The distribution of learning styles was diverse among the respondents, as shown in There were 21 multimode learners, a subset that is found to be common when using the VARK survey. Of the multimode learners, 38 showed V-type tendencies, 26 had A-type, 26 had R-type and 30 had K-type. The results obtained and shown in this paper consider multimodal students to be members of all associated groups. Table 1 shows the average self-efficacy scores obtained from the first survey given at the start of term (Time 1), the scores obtained from the second survey given at the end of term (Time 2), and the mean average increase in scores from Time 1 to Time 2. The averages are grouped by learning preference and the total class averages are also given. V-type learners had the lowest average starting selfefficacy but also showed the highest increase in selfefficacy from Time 1 to Time 2. R-type learners had the highest average in Time 1 and Time 2. A-type learners had the lowest average at Time 2, and K-type learners had the lowest increase in self-efficacy from T1 to T2. Table 3 shows the average grades obtained grouped by learning preference category and also the correlation coefficient between performance data and increase in selfefficacy. Visual learners had the highest performance but showed a negative correlation with self-efficacy. Aural/Auditory learners had the highest correlation. Read/Write learners had the lowest performance average. Kinesthetic learners had a high average but showed a low positive correlation. Table 4 shows the average grades obtained grouped by project modality and also the correlation coefficient between performance data and increase in self-efficacy. Simulation students [SIM] and Simulation and Prototyping students [SAP] had high performance averages. Prototyping students [PRT] had the highest correlation but had the lowest overall average. Simulation and Prototyping students [SAP] also showed a negative correlation. Table 5 shows the increases in self-efficacy from Time 1 to Time 2 for students with various learning preferences according to the design project modality to which they were assigned.
Self-Efficacy
Combined Learning Preference and Modality
V-PRT students (Visual learners assigned to the Prototyping modality) show the highest increase in selfefficacy. K-SAP students (Kinesthetic Simulation and Prototyping) show the lowest increase. Table 6 shows the average performance on projectrelated exam questions for students with various learning preferences according to the design project modality to which they were assigned. K-SIM students (Kinesthetic Simulation) showed the highest performance average, with A-PRT students (Aural/Auditory Prototyping) very close behind. R-PRT students (Read/Write Prototyping) had the lowest total average.
The results are presented graphically in Figure 8 . 
Increases in Self-Efficacy
Self-efficacy scores were higher than expected values based on our previous study [20] . Additionally, all learning preference categories and all modalities showed an average increase in self-efficacy from the beginning of term to the end of term, as shown in Figure 3 .
Visual learners showed the highest increase in selfefficacy by learning preference, as well as the highest overall increase. The Design and Graphics course is a highly visual course focusing on visualization techniques, so this result makes sense. The prototyping group saw the second highest overall average increase, as well as the highest increase by modality. This could be explained by the "wow" factor of the introduction to new technology that had never before been used for a first-year design project.
Performance Grade Data
Grade data was obtained from visualization and calculation-based questions related to the project focus of gear design on the final exam. All students were required to learn about simulation and prototyping but only some were selected to complete the final design project using each modality. The population was divided as 60% Simulation [SIM], 20% Prototyping [PRT] and 20% Simulation and Prototyping [SAP] .
For learning preference, grades show a noticeable difference for Read/Write learners ( Figure 5 ). This may be explained by way that the course appeals more to Visual (and Kinesthetic) learners by its nature and by the recent additions of hands-on design projects.
The Prototyping group [PRT] shows the largest grade difference compared to the Simulation and Prototyping [SAP] and pure Simulation [SIM] groups. This may be explained by way that the simulation component makes calculation errors more obvious. Errors and tolerance problems revealed by the simulation may cause students to actively re-examine the mathematics involved to accurately solve design problems, which can lead to a greater understanding and ultimately increased performance on calculation-type exam questions. Aural/Auditory learners assigned to Prototyping (A-PRT) show one of the highest average grades and may be immune to this phenomenon. Read/Write learners assigned a Prototyping project (R-PRT) had the lowest overall average, which may indicate a lower visualization capability for R-type learners.
Self-Efficacy / Performance Correlation
In general, studies show positive correlation between self-efficacy and performance [8] . Aural/Auditory learners have the greatest positive self-efficacy to performance correlation by learning preference, and the prototype modality shows the greatest positive correlation for project type. Figure 6 shows the correlation coefficients graphed for self-efficacy and performance by category. Any correlation coefficient greater than 0.3 is generally considered significant, however in this study there is no such result. This may be explained by the low response rate of the survey and the small sample size. The graph is included for reference.
Learning Preference and Modality
The results presented give a good overall picture of the effects of learning preferences and project modality on self-efficacy and performance. The following section shows the added effects of merging these data sets.
Visual learners, despite showing an initially low average self-efficacy, showed a significant increase in self-efficacy as the term progressed. Coupled with similar 
Average Grade
data shown for the Prototype modality, the result for V-PRT group members is a very large increase in selfefficacy amounting to almost double the next highest group. In contrast, K-SAP students (who are Kinesthetic learners assigned the Simulation and Prototyping Modality) show a very low increase in self-efficacy. Self-efficacy in this study does not correlate well with performance, contrary to Bandura's social cognitive theory [8] which is likely a factor of small sample and sub-sample size. V-PRT students, for example who have a high average increase in self-efficacy, show only an average performance on project related exam questions falling almost exactly at the mean class average. R-PRT students (Read/Write learners assigned the Prototyping modality) with an above average increase in self-efficacy perform the weakest in the class by a large margin. K-SIM students (Kinesthetic learners -Simulation modality) perform the greatest despite an average increase in selfefficacy.
CONCLUSIONS
Design project differences and changes to a course can have observable effects on a student population. These effects can be seen through differences in self-efficacy and performance. The effects can also be influenced by student learning preferences.
In this study it is shown that students with Visual learning tendencies may have higher self-efficacy and perform better in a course with a high visual component. It is also shown that students with high self-efficacy in a prototyping modality may not perform as well as expected.
This study also suggests that there are some combinations of learning preference and design project modality which are well or poorly suited for combination. One such poor combination might be Read/Write learners with a hands-on prototyping project, while a well-suited combination would be Kinesthetic learners with a purely simulation design project.
